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SUMMARY

The results of a series of fatigue tests of aluminum-alloy sheet
materials and of simple riveted Joints in these materiale are presented.
The materials tested were 2uS-T Alclad, 24S-T bare, T5S-T Alclad,
R303-T275 clad, and R303-T275 bare. All sheets were of the 0.0LO-inch
gage- -

‘Unnotched sheet apecimens, speclimens notched by & drilled hole,
and specimens with scratches were tested in direct-stress fatigue. It
was found that:

(1) Bare materials notched or unnotched had greater fatigue strengths
at long lifetimes than corresponding clad materials

(2) The 75S-T Alcled and the R303-T275 clad although stronger
statically than the 24S-T Alcled were generally somewhat
weaker in long-life fatigue

(3) Although shallow sgratches did not affect the fatigue strengths
of the clad materlasls scratches deeper than the minimum depth
of cladding were detrimental

Several types of riveted Joint in the sheet materleals were also
tested in direct-stress fatigue. It appeared that:

(1) The long-life fatigue strengths of single-row lap Joints of the
different materials were in the same relative order as the
notch fatigue strengths of the materials

(2) Increasing the number of rows of rivets in a lap joint decreased
the fatigue strength in pounds per rivet

(3) Stiffened lap Jolnts and butt joints had a considerably higher

ratio of long-life fatigue to static strength than simple
lap Joints
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Tests at 375° F on notched end unnotched sheet and on riveted Joints
showed little decrease in fatigue strength from room-temperature values.

Tests of cumulative damege of the various types of specimen gave
results in reasonable accordance with estimations based on the endurance

lifetime at each stress level.

INTRODUCTION

.

This paper 1s a summary of an investigation of the fetigue properties
of sheet and riveted Joints in aluminum alloys. Reports of previous
investigations (references 1 to 5) have given tension-tension fatigue
strengths of 24S-T Alclad sheet and of spot-welded and riveted lap joints
in that material.. The present investigation was planned to extend these
fatigue studles in the following respect: (1) the inclusion of other
high-strength aluminum alloys,n?2) tests on additional types of Joints,

(3) survey tests of the effects of elevated temperatures on fatigue
properties of the sheet materials amnd Joints considered, end (4) tests

of fatigue deamage.

The experimental equipment and techniques have been described in
detall in preceding reports (see partioularly references 1 and 2). In
the present work, the range of stress for some sheet materials was
extended to include some compressive stresses. In these cases, specimens
were restralned from buckling by the use of "guide plates.” (See
reference 6.) .

The sections of this paper are developed in the following order:

(1) A description is given of direct-stress fatigue tests of sheet
materials - 24S-T bare, 245-T Alclad, T75S-T Alclad, R303-T275 bare,
and R303-T275 clad - in the 0.04O-inch gage. The tests included unnotched
specimens (both transverse and longitudinal), specimens notched by drilled
holes, and specimens with surface scratches.

(2) Results for fatigue tests of riveted lap Joints and riveted
butt Jolnts with various stiffeners are given, as well as the results
of a few tests of multi-arc-welded butt Joints. All Joints were of
0.040~-inch sheet.

(3) Fatigue test results are presented for specimens of the sheet
materials and for riveted Joints at elevated temperature (375° F).

(4) The results of same tests of cumulative fatigue deamage of sheet
materials and of verious Joints in these materials are swumerized.

In each section, the results of tests are presented with relatively
little discussion. In the CONCILUSIONS test results are recapltulated and
discussed with reference to present knowledge of the fatigue properties
of meteriels.and Jjoints used in aircraft construction.

"
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This investigation was conducted at the Battelle Memorial Institute
under the sponsorship and with the financiael assistance of the National
Advisory Committee for Aeronautics.

RESULTS OF DIRECT-STRESS FATIGUE TESTS OF

SHEET MATERTIALS

Part of the basic information required for the application of fatigue
data to the design of alrcraft is a knowledge of the relastive performance
of materials used in aircraft parts under repeated loads. In this section,
fatigue data are given for verious materiels in the form of 0.040-inch
sheet.

Unnotched Sheet Specimense

Table 1 shows static-tensile-strength properties of the sheet
materials used for the fatigue tests. Figure 1(a) shows the unnotched
sheet specimen used. Figures 2 to 6 show the results of direct-stress
fatigue tests on specimens cut and loaded in the direction of rolling of
the sheet; the results are plotted directly from the experimental data
in the form of constant R (ratio of minimm loed to meximum load)
curves. TFigures T to 9 give results, in the form of S-N curves, of
direct-stress fatigue tests of specimens of cled sheet materlals cut
and loeded transverse to the direction of rolling of the sheet.

Some of the more outstanding results apparent in figures 2 to 9 are:

(1) At long lifetimes, the bare materisals have considerably higher
fatigue strengths than the clad materials. The differences
in long-life fatigue strengths of bare and of cled materiels
are greater than differences in static strengths or differences
in short-lifetime fatigue strengths.

(2) Although the static strengths of both 75S-T Alclad 'and R303-T275 clad
are higher than the strength of 24S-T Alcled, the fatigue
strengths are generelly slightly lower. This may be partly
due to the lmportance of the cladding in determining the
fatigue strength. However, results for bare R303-T275 shows
that, even in the absence of cladding, the latter material
is not so strong in fatigue as would be expected from comparison
of its static strength with that of 24S-T sheet.

(3) Fatigue strengths of clad materials appear to be but slightly
lower in the transverse direction than in the longitudinal
direction.
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Specimens Notched by Drilled Holes

Inasmuch as sheet meterials used in alrcraft are usually notched
(by cutouts, Joints, and changes in section), the fatigue notch sensitivities
of sheet materials are lmportant in design considerdgtions. Accordingly,
each of the five sheet materials mentioned previously was tested in notch
fatigue. Figure 1(b) shows the specimen used; the notch was a single
0.375-inch hole drilled in the center of a lé-inch-wide teat section. All

specimens were cut and loeded in the direction of rolling.

Table 2 shows static ultimate strengths of the notched sheet
specimens. Compsrison with table 1 indicates a reduction in nominal
static strength of about 10 to 13 percent for the 245-T and about
1l to 3 percent for the other materials.

Figures 10 to 14 show the results of direct-stress fatigue tests
on these notched specimens. Comparison of these results with results for
unnotched specimens is indicated in table 3. Some of the more outstanding
results apparent in these Tigures and table 3 are:

(1) The reduction in strength due to the hole 1s, for all materials,
more serlous in fatigue than in static loading. The fatigue-
strength reduction ls greater at long lifetimes than at
short lifetimes; for a given lifetime, the reduction is
greatest for low R values. The reduction in fatigue
strength approaches (at low R end long lifetime) that estimated
from the geametrical stress-concentration factor, but, in
these tests, never reaches this value.

(2) The reduction in nominal fatigue strength due to the drilled
hole is greater for bare sheets. of R303-T275 than for bare
sheets of 24S-T. The fatigue strength reduction for clad
high-strength alloy 1s, however, not significantly greater
than that for 24S-T Alcled. Apparently, at high stresses, the
cladding can yleld so as to reduce the stress concentration
produced by the hole.

Effect of Surface Scratches

It would be expected that some screatches on Alclad sheet would have
a demaging effect on the fatigue strength of the sheet, and 1t is
important to know what severity of scratch would be cause for reJjection.

Andrews and Stickley (reference 7) investigated the effect of o
scratches on 0.064-inch-thick 24S-T Alclad sheet and concluded that >
scratches were not damaging unless they extended through the cladding.
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In general, the resulte summarized here on 24S-T Alcled confirm their
observation. Datea have also been obtained on T5S-T Alclad and 24S-T
bare sheet. In & number of cases, damsge was observed when the scratch
did not penetrate the nominal depth of cledding. It was found, however,
that the cledding was not uniform in thickness, and, in ell cases when
demage was observed, the scratch was deep enocugh to be within the range
between the minimum and maximum depth of cladding. Thus, in all cases,
a portion of the scratch might have penetrated below the cladding.

The type of test plece used was the same as for tensile fatigue
tests of unnotched sheet. (See fig. 1(c).) In all cases, a single
scratch was made &t the center of the test sectlon and perpendiculer to
the direction of loading. At the location of the scratch, the test
plece wae 1 inch wide; 211 scratches were 1/2 inch long and centered
within the l-inch section so that they did not extend to the edge of the
test plece. '

In meking a scratch, the test plece was cerefully located on a
moveble table actuated by & screw simlilar to the cross feed on a lathe.
The scratching tool, loaded through a lever wlth a definite welght, was

‘then lowered onto the test piece, and the table moved 1/2 inch.

Two types of scratching tool were used - a steel needle and a
sapphire phonograph cutting needle. Both tools hed & radius of approxi-
mately 0.003 inch and produced scratches which varied in radius
from 0.0027 to 0.0033 inch. The depth of scratch produced by varying the
force on the tool is given in teble 4. Some typicel microsections of
scratchee are shown in flgure 15.

Two methods of measuring the scratch depth were used. The first
method consisted in focusing a metallographic microscope on the sheet at
high megnification, and then measuring the amount of adjusting-screw
novement necessary to bring the bottom of the scratch into focus. By
this method it was possible to examine the scratch throughout its entire
length and thus observe depth verliations. The second method, used
whenever feasible, was to section the plece after testing and measure the
scratch depth on the section. In most ceses the two methods agreed
very well.

The results of fatigue tests on specimens with scratches are
summerized in table 5 and figures 16 to 18. From these figures and this
table 1t will be noted that:

(1) on the 0.040-inch Alclad material, the depth of cladding varies
from 0.0011 to 0.002 inch and, on the 0.102-inch Alclad, the depth varies
from 0.0025 to 0.0034 inch.

(2) As long as the depth of the scratch is smaller than the minimum
depth of cladding (0.0011 inch for 0.040-inch-thick sheet and 0.0025 inch
on 0.102-inch-thick sheet) no damege results.
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(3) When the scratch is deeper than the minimum depth of cladding,
there mey or may not be dsmage. However, when damege does result, it is
_ usually quite lerge, and the safest procedure would be to reject all sheets
' containing scratches deeper than the minimum cladding depth.

RESULTS OF DIRECT-STRESS FATIGUE TESTS OF SIMPLE JOINTS

OF 0.040-INCH SHEET MATERIALS

Among the most important stress-raisers in alrcraft construction are
various types of Jolnt. Riveted Jolints are most commonly used in load-
bearing parts; accordingly, an investigation was mede of the fatigue
behavior of verious sheet materlals under the stress concentrations
existing in riveted Joints. A study was also made of stress-coat petterns
on loaded riveted Joints. Figures 19 to 22 are photographs of stress-coat
patterns on some of the riveted Joints tested in fatigue.

In particulear, figure 19 shows a lep Joint with a single row of rivets.
Bending at the lap 1s clearly indlicated by the prominence of cracks at a
distence below the rivets in contrast with the reletively crack-free
lacquer Immedlately below the rivets. In contrast, figure 20, & photograph
of a butt Jolnt, shows much less evidence of bending stresses.

Figure 21 shows two sldes of a sheet-efficlency specimen, two
equally loaded sheets held together by & line of rivets. (See fig. 23.)
Differences in lines of stress concentration are quite notlicesable.
Figure 22 clarifies the reason for this difference by showing: the
stress-coat patterns on single sheets around drilled holes (fig. 22(a)),
around drilled and dimpled holes (fig. 22(b))}, and around rivet heads
(fig. 22(c)). Apparently, on the side of the sheet on which rivets
are headed over, the combination of the dimple end the headed rivet
produces a stiffening around the hole and elters the stress pattern
from that around & drilled hole or that around the xrivet on the flush
gide.

Single-Row Flush-Riveted Lap Jolints In Various Alloys
Direct-stress fatigue tests have been made of single-row flush-
riveted lap Joints of 0.040-inch sheets of the following materials:
24s-T Alclad, 24S-T bare, T5S-T Alclad, R303-T275 clad, and R303-T275
bare. The specimen deeign is shown in figure 2u4(a).
The riveting procedure for these spécimens was as follows:

(1) sheets were drilled with a No. 30 drill, and the edges of
holes deburrsd. . . . .
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(2) Each sheet of a given Joint wes dimpled separately with a
conventional dimpling tool.

(3) ALTS-T rivets, AN426, type AD4-5; were driven with the riveter.

It should be noted that no special precautlions were used for the high-
strength alloys.

Figures 25 and 26 show cross sections through rivets in each of
the materisels. It was anticipated that the high-strength alloys might
show Internel cracks produced by dimpling. Such cracke were found only
in the R303-T275 bare material. (See fig. 26.)

Table 6 gives static strengths for the riveted lap-Jjoint specimsens,
and figures 27 to 30 show the results of fatigue tests. Figure 31 shows
typicel static and fatigue failures for lep joints. Froam teble 6 and
figures 27 to 30, severel interesting results may be noted:

(1) Joints of 24S-T bare sheet sre generally stronger in fatigue
than Joints of 24S-T Alclad. Thise is in accordance with
the results for the sheet materials.

(2) Joints of R303-T275 bare and Joints of the same alloy clad
have roughly the seame fatigue strengths. However, it should
be remembered that cold dimpling apparently produced internal
cracks in the bere sheet, and these may have contributed to low
fatlgue strength.

(3) Joints of 75S-T Alclad appeared weasker in fetigue than Jointe
of 24S-T Alclad. Joints of R303-T275 clad were &bout as strong
as those of 24S-T, but not so much stronger as might have
been expected on the basis of the higher static strength
of the R303-T275 clad shest.

While these results are true for the particular specimens tested, they
may not be representative for Joints produced with other riveting
techniques. .

Single-Row Flush-Riveted Lap Joints Made with
Vearious Febrication Techniques
In order to examine the Iimportance of detalls of febrication on the
fatigue strength of flush-riveted Jjoints, specimens of 24S-T Alclad and
of T5S-T Alcled were febricated in different laboratories and tested in
direct-stress fatigue.

These specimens were of the type shown in figure 24(a) and were all
made of 0.04O-inch sheet. Table 7 shows the several dimpling procedures
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used and gives the statlc strengths of the specimen groups. Figures 32,
and 33 show typlcal cross sections through rivets.

The results of fatigue tests are shown, graphicelly, in figures 34
and 35. These tests were not intended to examine in detail the effects
of different febrication procedures, and the results should not be viewed
with this expectation. The tests should allow an estimation of the
megnitudes of variation in fatigue strengths among lots of riveted Joints
of generally acceptable static strengths. It appears that:

(1) There is more variation in long-life fatigue strengths
of Joints of T5S-T Alclad than for Joints of 2uiS-T Alclad.

(2) The long-life fatigue strengths vary as much.as 20 percent °
at 1,000,000 cycles, and ere not in the seme order as the

static strengths‘

Multi-Row Flush-Riveted Lap Joints of 24S-T Alclad
and of T55-T Alclad

There has been considerable evidence that increasing the number
of rows of spot welds or of rivets in lep Joints of 2i4S-T Alclad sheet
does not proportionately increase the fatigue strength. A few tests have .
been made to lnvestigate this situation for flush-riveted lap Jolnts of
0.040-inch sheets of 2u4S-T Alclad and of 75S-T Alcled sheet materials.

Figure 24 shows the test pleces used. Table 8 gives static strengths
of the Joints, and figures 36 to 38 show the fatigue test results, in the
form of load-life curves, for Joints with two rows and Joints with three
rows of rivets.

Table 9 summarizes the resulis in a form sultable for comparing the
strengths of Joints with different numbers of rows of rivets. It appears
that increasing the number of rows of rivets increases both static
and fatigue strength of the Joint, but decreases the strength per rivet.
This decrease in strength per rivet:is particularly notlceable under
conditions of low load ratio end long-life fatigue. -

In view of the lmportance of fabrication details, it is believed that
the present tests are insufficient to afford definite design rules as to
the effect of rivet pattern upon fatigue etrength. The results do
confirm other indications (note references 5 and 8) that increasing the
number of rows of fasteners in & lap Joint does not afford a proportional
Increase in. fatlgue strength of the Joint.

Butt Joints and Stiffened Lap Joints of 24S-T Alclad

Although simple lap joints have been widely used in laboratory tests
of comparative fatigue strengths, such Jolnts are not actually used in
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airfreme construction. Airframe jJoints of sheet materiasl nearly always
involve some sort of stiffemer (such as a wing spar or girder).
Accordingly, a few tests were made to evaluate the effect of various
stiffeners upon the fatigue strengths of riveted Joints of 0.040-inch
24s-T Alclad sheets.

Figure 39 shows sketches of the various stiffened lap Jolints and
butt Joints tested. Table 10 gives static strength values and figures 4O
and 41 show, in the form of load-life curves, the results of dlrect-stress
fatigue tests in tension at R = 0.k0.

As indicated in teble—10, these Joints had, with one exception,
static-strength values within a narrow range (4550 to 4810 1b). The
exception was a butt Joint with double strap plates. Possibly additional
friction gave this joint some of its additional strength (strength 7060 1b).

However, as shown in figures 40 and 41, the long-life fatigue
gtrengths varied more widely. At 1,000,000 cycles (and in tension at
R = 0.40) the unstiffened lap joints withstood ebout 1250 pounds, while
lap joints with very heavy (3-in.-long, 0.250-in.-thick) stiffeners
supported about 2600 pounds. At this seme lifetime, butt Joints with the
single heavy (0.250-in.-thick) strap plete had a fatigue strength of
nearly 3000 pounds; while butt Joints with the two lighter strap plates
had a fatigue strength of about 3500 pounds. Thus, stiffening riveted
Joints, while but slightly affecting the static strength, produced a
marked increase in long-life fatigue strength. This effect is probably
due to decreasing local high stresses resulting from bending at the lap.
It should be noted that the emount of such bending varies with the )
length of specimen (a1l specimens in the present tests had an unsupported
length of about 12 in.) and with the axiality of loading the over-all
specimen. The present results hold only for the particular test speclmens
and loading conditions employed; however, the results show the importance
of locel bending stresses in affecting fatigue strength of riveted
Joints. The differences in fatigue strength are great enough to warrant
further investigations of Jjoints more closely approaching the conditions
in ailrcraft structures.

A few specimens of multi-arc-welded Joints of 24S-T Alclad were
furnished through the courtesy of Mr. C. W. Stewart of the Curiiss-Wright
Research Laboratory. DPanels of sheet were welded and test pleces cut
from these as indicated in figure 42. Half of the test pleces were
given a solution heat treatment (30 min at 925° F) and aged 5 days
at room temperature before testing. The remaining specimens were stress-
relieved (10 hr at 370° F)} before testing.

Figure 43 shows the dlrect-stress fatigue test results for the
multi-arc-welded specimens. Reheat treatment after welding apparently
decreased scatter and slightly decreased the long-time fatigue sirengtih.
Figure 4h shows cross sections of specimens after fatigue fallure.
Failure was in the heat-affected region near a weld bead.
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Table 11 summarizes the results of fatigue tests in tension at
R = 0.40 for several types of Joint. Rated in terms of increasing
fatigue strengthes at 1,000,000 cycles the Joints are:  riveted lap Joint,
stiffened riveted lap Joint, riveted butt Joint with singie strap plate,
riveted butt Joint with double strep plate, and multi-arc-welded butt
Joint.

Sheet-Efficiency Tests of Flush-Riveted 24S-T Alclad

In geversal alrcraft spplications, sheet materials are riveted together
under circumstances in which the rivets need not carry lerge dynamic
loads from one sheet to amother, but in which weskening of a sheet by the
rivet holes mzy be important in reducing the strength of the sheet.

In order to examine the effect of rivets upon the fatigue strength
of the sheet material, specimens like that shown in flgure 23 were teasted
in fatigue. Each specimen consisted of two sheets of 0.040-inch 24S-T
Alclad held together with seven rivets in the test section. Attempts
were made to load tne sheets equally. The equality of loading was checked
by using "stress-coat” lacquer and SR-4 strain gages, and 1t was estimated
that sheets were equally loaded to within *10 percent.

Figure 45 shows the results of direct-stress fatigue tests on
such specimens. A comparison of the results as glven in table 12 shows
e loss in ultimate tensile strength of about 22 percent, and a loss
in fatigue strength of sbout 30 percemt. This 1s more than is reasonably
attributable to unequal load distribution and must be partly due to stress
concentrations at rivet holes.

EFFECT OF ELEVATED TEMPERATURE ON THE FATIGUE STRENGTHS
OF SHEET AND FLUSH-RIVETED JOINTS

OF 24S-T ALCLAD AND T5S-T ALCLAD

With increasing use of heat for de-icing, it becomes importent
to know whether elevated temperatures may serliously impair the fatigue
strengths of airframe structures. The following tests were designed
to survey this possibility and to observe any major effects that might
occur.

Many of the elevated-temperature fatigue tests of aluminum elloys
reported in the literature have lnvolved long-time preheating to a
"stabilized state' (see, for example, reference 9). The present tests
were made by holding each specimen at temperature for 1 hour before
fatigue testing and testlng at temperature. The single elevated
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temperature chosen was 375° F. While this test 1s not so severe as possible,
it should show up any serlous loss of fatigue strength likely to occur
because of relatively short-time heating by de-icers.

Specimens were heated, both before and during fatigue testing, 1in
a small electric furnace bullt for such tests of sheet specimens. The
temperature was controlled by means of a Foxboro controller operated by
a thermocouple inside the furnace next to the center of the test plece.
Temperatures were held constant to ¥5° F and temperature gradients were
very small near the center of each specimen (where failure occurred).

Table 13 shows static strengths at T0° and 375° F of the various
specimens. All specimens were wesker than at room temperature, the loss
in strength ranging from 5 to 17 percent fpr 24s-T Alclad specimens and
from 1k to 27 percent for the 75S-T Alcled specimens.

Figures 46 and 47 show for 24S-T Alclad and T75S-T Alcled, respectively,
the results of some direct-stress fatigue tests of unnotched sheet specimens;
the extent of scatter is apparent, and the results of room-temperature
tests on similer specimens are indicated in these figures. Table 1k gives
results of a few fatigue tests at 375° F of sheet specimens notched by
drilled holes. (See fig. 1(b).)

Within the experimentel scatter, there appears to be little loss
in fatigue strength due to the Increased temperature. At the longer
lifetimes, and especlally for T55-T Alclad, there is an indication of
lower fatigue strength at lifetimes of the order of 1,000,000 cycles.
It may be noted that such a lifetime means a total of 12 hours at
temperature. (The machines used in these tests ran 1500 cpm.)

Table 15 lists results of several fatigue tests at 375° F of riveted
Joints of 24S-T Alclad end of 75S-T Alclad sheets of 0.04O-inch gage.
Comparison of lifetimes observed in these tests with lifetimes (taken
from averaging curves) for room-temperature tests shows a general trend
for the Joints to have shorter lives at the elevated temperature. There
is considerable varlation, however, and the few tests described are
insufficlent to determine the extent of weskening. As indicated in
figure 48 for lap jJoints of 24S-T Alclad, the average fatigue strength
decrease le not so great as the decrease in static strength.

The general result of these survey tests on the elevated-temperature
fatigue strengths of 2hS-T Alclad and 75S-T Alclad, both with and without
notches, is that no large decrease in fatigue strength waes found for
short-time heating up to 375° F. The decrease in fatigue strength was
generally less than experimental error and was definitely less than the
decrease in statlic ultlmate strength observed for the specimens tested.
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RESULTS OF TESTS FOR FATIGUE DAMAGE

Service loading of sheet materials in alrcraft is seldom limited
to cycles of a single renge of elternating stress. The range of alternating
stress usually varies considersbly in magnitude during flight, maneuvers,
lending, and taxying. Thus, the effect of & few repetitions of high stress
on the fatigue strength at low stress levels becomes of consldersable
importance. (See reference 10.) Tests for such demage, made during the
course of this investigation, are described in this section.

Effect of Repeated Loadings on Static Strength

Table 16 shows static-ultimate-strength values for several specimens
which had undergone many cycles of repeated direct stress. In most
cases, this number of cycles was very mmall compared with the estimated
lifetime at the given load. As indicated in table 16, static strengths
were generally within I3 percent of the strengths of similar specimens
which had not undergone repeated stressing; there was evidence neither of
damage nor of strengthening sufficient to affect the static tensile
uwltimate.

Results of Fatigue-Demsge Tests at Two Load Levels

Teble 1T shows the results of several tests in which each specimen
was run at one loed level for some fraction of its endurance lifetime at
that level and then was run to fellure at ancther load. The data are
arrenged to illustrete the applicetion of a very simple assumption of
fatigue demage (see references 1l and 12); namely, that every cycle at
any load produces demage proportional to the ratio of the number of cycles
run at that load to the endurence lifetime at the load. Thus, if n, and np
are the numbers of cycles run at two load levels at which the endurance
lifetimes are Ny and Np, respectively, fallure should occcur when

= 4 =~ =1 . (1)

The results in teble 17 show, for the average of all tests, a "calculated"
demage at fallure of 99.7 percent and values for individual specimens
as high as 134 percent and as low as 50 percent.

Conclusions from such tests should be interpreted with due appreciation
of the scatter inherent in most fatigue test results. Figure 49 shows
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an estimated scatter band for a few tests of unnotched specimens of
24s-T Alcled at a constant mean stress of 40,000 psi, and figure 50
shows some of the demage tests with reference to this scatter band.

The end points for the tests shown in figure 50 lie within the scatter
ba.nd.l Within the error of the experiments, therefore, the test results
generelly conform to the celculetion of damage based upon eguation (1).

Results of Tests for Damage Due to Repeated
Stressing at Several Load Levels

Several reports (references 12 to 1%) contain discussion of service
stresses due to gust loading of aircraft wings. Such loadings generally
involve meny repetitions of low stresses and fewer repetitiomns of high
stresses. A few riveted Joints have been tested 1n fatigue under this
general type of variation in megnitude of repeated stresses.

In particular, the loading indicated in teble 1 of reference 12 was
approximated. Xach test consisted in running a specimen, at a constant
mean load (21.2 percent of its static ultimate), at various maximm loads.
The number of cycles run at each meximum load wes in proportion to the
frequency of occurrence of gusts which might produce such loading (under
the conditions noted in reference 12). In the laboratory tests, the
different load levels were not applied at random, but two limiting
cases were chosen. In onme case, high loads were applied first and
successively lower loads in order; in the other case, thig sequence was
reversed. Speclmens which did not fail during the schedule of repeated
loadings were tested statically to find possible evidence of reduced .
static strength.

Tebles 18, 19, and 20 give the results of these tests. On the
average, the estimated dsmage at. failure was 102 percent. The value far
specimen 13 - 43 in table 20 is omitted from this average since failure
in this case was uncertain. Individuel cases vary from 75 percent to
161 percent; however, the base curves for virgin specimens (shown in
figs. 51 to 53) ere hardly adequate for more accurate analysis than
$30 percent. Much more extensive Investigation ls needed for analysis
of the details of demage, and strengthening, in fatigue. (See refer-
ence 3.) In general, however, the results described here and similar
results from investigations (reference 11) indicate that, for aluminum-
alloy sheet specimens, the cumulative damage behavior implied in equation (1)
is a useful epproximation.

i
Despite additlionsl error due to values of N  having been based upon
& mean curve in the center of the scatter band. (See fig. 49.)
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CONRCLUSIONS

Direct-stress fatigue tests of 0.040-inch-thick specimens of several
aluminum-alloy sheet materlials and of verious riveted Joints in these
sheet materlials have been made. From the results of these tests, the
following conclusions were reached in regard to the fatigue properties of
the sheet materials:

1. At long lifetimes, the bare materlals, both with and without a
stress-raiser, had considerably higher fatigue strengths than corresponding
clad materials.

2. At short lifetimes, the difference in fatigue strengths of bare
and clad material was less. In the presence of a stress-ralser such as
& 3/8-inch hole, the short-1ife fatigue strength of the clad material
mey actually be higher then that of the bare. Apparently, at high
stresses, the cladding can yleld so as to reduce the stress concentration
produced by the hole, while, at low stresses, the clacfd.ing reduces the
fetigue strength.

3. Although the static strengths of 75S-T Alclaed and R303-T275 cled
wvere higher than that of 24S-T Alclad, the long-life fatigue strengths
were generally lower. This may have been partly due to the lmportance
of cladding in determining fatigue strength. However, results for bare
R303-T275 showed that, even in the @bsence of cladding, thls material
was not so strong in fatigue &s might have been expected in view of its
static strength.

k. shallow scratches did not seem detrimental to the fatigue
strength of Alclad sheet meteriesls. Scratches deeper than the minimum
depth of cledding mey, however, cause quite lerge reduction in fatigue
strength.

5. The cled materiels, both with and without a stress-raiser, appeared
to have elmost the seme fatigue strength at 375° F as at roam temperature.

6. Results of several tests for fatigue demage of 24S~T Alclad and
of T58-T Alclad were compatible with the simple approximetion that
damage due to any elternating stress is proportional to the ratio of the
number of cycles at such stress to the endurance lifetime at that stress.

In regard to the fatigue properties of riveted Joints it was found
that: T

l. Single-row riveted lep Joints of the various sheet materials
showed long-life fatigue strengths decreesing in the following order:
24S-T bere, 24kS-T Alclad, R303-T2T75 clad, 75S-T Alclad, and R303-T275 bare.
The R303-T275 bare specimens hed internsl cracke produced during dimpling.



NACA TN No. 1485 ' 15

2. Comparison of specimens dimpled by different operators and
including verious processes =~ coin dimpling, spin dimpling, end hot
dimpling - showed fatigue strengths verying as much as +10 percent.
The veriation in fatlgue strengths was not in the same order as the
veriation in statlic strengths.

3. Lap Joints with several rows of rivets were stronger in fatigue
than Joints with single rows, but the strength in pounds per rivet decreased
as the number of rows increased.

k. Butt Joints and stiffened lep Jointe were generally considerably
stronger in fatigue then simple lap Joints, although there was relatively
little difference 1n static strength.

5. Equally loaded sheets, Joined by rivets which carrled little
shear load, were about 30 percent weeker in fatigue strength than plain
sheets. At least part of this wegkening wes due to stress concentrations
around the rivets.

6. Riveted Joints had not much lower fatigue strengths at 375° F
than at room temperature.

T. Cumulative demage of riveted Jolnts appeared to be approximately
predictable in terms of the percent of endurance lifetimes run at each stress
level.

A1l tests were limited to 0.0LO-inch sheet and, except for 24S-T Alcled,
to a single lot of each material. However, there is some reason to belleve
the results are genersally typical for the materials concerned over some
range of sheet thicknesses. It might be noted, however, that only one
type of notch was used In the present tests and that somewhat different
results might be obtalned by using a notch giving much higher stress
concentration.

Battelles Memorlal Instiltute
Columbus, Ohio, February 15, 1946
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TABLE 1.

- STATTC PROPERTTES OF JHEET MATERTATS USED IN FATIGUE TEIJIS

[Test section, 1.000 by 0.0L0 in.; gage length, 2 in]

TABLE 2.~ STATIC PROFERTIES (F ALUMINOM SHEET ATLOYS
CONTATNING A SINGLE HOLE

El‘est ssction, 1% in. wlde; diameter of hole, 0.375 in.

All tests of 0.040-in.-thick sheet.
on net section. Specimens cut in directlon of rolling]

Ioads calculated

Tenslle
Tltimate yield Elongation
- | tenslle strength, onga’
Material m:'?:;;ion S::i strength | 0.2 percent | 1R 2 in.
(psl) elct?gat{.on (pexrcent)
pal)
24S-T Alclad | Perallel | 1-32 69,600 | 51,900 15.3
1-33 65,100 1pl,ﬂoo 1k.5
bgg,350 | Bs1,850 LT
Trensverse g’r-ig 27,700 ﬁ,ﬁ% 161
T~ 7,100 50 15.3
berikoo | PL6, 800 b)5.7
245-T bare Parallel | 1A-18 T™,000 | 54,240 160
1a-19 | 73,400 | 53,760 ,16.0
~13,7T00 “5k., 000 "16.0
756-T Alclad |Perallel | 7-19 8,200 | 70,300 10.4
T-20 8,206 . 70,500 10.5
ba1,200 |P0,150 b10.4
Fransverss 28-1!3; 80, 800 68,% 10.6
28-). 9,500 67 9.3
bgg,150 |beB, 020 9.9
R303-T275 clad | Parallel 9-19 T5,%00 2,% T.3
9=-20 5,500 8.0
b15,k50 | P& 100 Y7
Trangverds | 29-9 Th, 500 67,200 7.2
29-10 Th,900 67,200 7.8
by, 650 | P6T,200 b5
R303-T27T5 beare | Parallel 9A-19 &, 400 1,330 8.2
9A-20 bt‘?x3,2cx‘) bTa,ng b9.2
8,800 |"72,160 8.7

Paverage.

2hirection of loading with respect to direction of rolling ofEet.

Elongation
ima: 1
Material Sample U:::rbn;:ht?:ﬁe in 2 1in.
{percent)
AlhOIN ATaTad z_1R ann L O
&0 L ndlLlau P Ay QI.,I'—UU L
5'19 &;200 l*-9
5'20 &,100 hc9
861,833
24S-T bare 5A-19 67,100 h.6
5A-20 67,600 h.b
67,350 .5
T5-5-F Alclad | 8-9 78,500 3.1
8-10 78,500 3.2
8,500 3.15
R303-T275 olad | 10-9 Th,200 3.2
10"10 72:200 2. 6
873,200 2.9
R303-T275 bare | 10A-9 82,400 2.8
10A-10 &, ko0 2.2
Bge, k00 2.5
SAverage. N Vg

8T

G8¥%T 'ON NI VOVN




NACA TN No. 1485 19

TABLE 3. - REDUCTIONS IN FATIGUE STRENGTH DUE TO DRILLED
HOLES IN VARTOUS SHEET MATERTATS

[test section, 1.500 by 0.0k0 in.; diameter of hole, 0.375 in.
Specimens cut In direction of rolling. Theoretical stress-
concentration factor for the specimen is about 2.45. (See
reference S.H

Fatigue-strength reductlion ratio for
indicated load ratios and lifetimes
Static- (2)
strength
Material reduction R = ~0.50 R = 0.25 R = 0.60
retio
(1) (compression) | (tension) | (tension)
10% | 107 | 108]20%|107 |106|10% 105|106
24S-T Alclad 1.13 1.8f2.1|1.9]1.4(1.7|1.8]1.2[1.5(1.8
24s-T bare 1.10 e== | === | ===|---]1.82.9]1.2|2.5|1.7
T58-T Alclad 1.03 1.7{1.9}---11.8|1.8{1.9]1.2]1.8|1.6
R303-T275 clagd 1.03 == === | ===11.T}11.9{2.911.2]2.T]|1.3
R303‘T275 'bBl‘e l-Ol bkl === cme == ]2,2 2.2 lvh- 200 2-0

lyltimate tensile strength of unnotched sheet divided by nominal
(net section) ultimate tensile strength of drilled sheet. See
tables 1 and 2.
Maximum stress supported by umnotched sheet for a given lifetime
at a glven load ratio divided by nominal (net section) maxirmm
stress supported by drlilled specimen for seme lifetims at same
load ratioc. Values taken from curves in figs. 2 to 6 and 10 to 1k.

TABLE 4. - DEPTH OF SCRATCH PRODUCED BY VARTOUS METHODS

Material Cutting tool Force(ig) tool Depth(;ri; s)cra.tch
Alclad sheet | Steel or sapphire l.22 0.0013 * 0.0003
needle
Alclad sheet | Steel needle 5.22 .0039 t .o0002
Alclad sheet | Steel needle 9.02 .0053 t .0005
Bare 24S-T Steel or sapphire 1.22 .0o1k * .oo01
needle




IABLE 5.- EFFECT (& SCBATCHES CN FATIGUE STRENGTH IN TERSION

AT R = MINIMIM LOAD

LOAD = 0.25

E‘ipeciuana cut in direotion of rolling. See fige. 2, 3, end &
for data on undsmeged sheet.]

Depth of seratch, non-
destructive measurement | DePUl of scratch | Depth Redwotion of Cutt Welght
Material |Specimen measured after of |Stresa | humber of ing on
Mean Avarame failure Alclad | {rpei) cycles | Beximm stress tool Desa
(111- ) ( :ln:T (1]1. ) (in. ) {psrc¢ent) used (lb)
2k3-T bare 2a-28 [0.00110 t 0.000080.00121 |  e-;eems | memee- 55,000 68,000 15.2 Bagphire | O
0-040 in. 29 | .oo1h2 + .oo6en| .00n32 0.00156 | =----- 50, 000 8,400 19 L. LR 0
30 | -0026L £ .0016L| -00132 oolse | ------ ¥7,000 | 4,084,100 Nemel | ----- dommw-= 0
37 | -00157 £ .0000B| .QOL53 |  ==--e-- »=n=== | 58,000 16,300 17.0 | ===-- do===== 0
38 | .00134k t .0000T7| -00038 |  --==-== | =m=a-- 53,000 | . 56,200 18.3 S 0
39 | -00130 ¥ .00011] .00126 o5 | ------ 45,000 [>11.,846,500 None cmemelprmee= | O
1 | .00266% .00023| .00068 7  ----- N 55,000 62,500 14.6 Steel needle | 0
2 | .o02h2 t .00023| .00LEh | @ -mme-em | e-we-- 50,000 101,700 19 s=e==dg=====| ©
3 | -00358 % .oo02k| .00055 | @ ------- . ,000 26,400 1k.5 S o
2h3-T Alclad 2-50 | .00371 % .0002h4| .003% 0039 0.0018 | 40,000 &,000 29.0, marardgrm——- 2
0.040 in. 51 -00371 ¥ .00056| -00373 00373 .0020 | 30,000 874,000 None ————o-----| 2
22 | .00390 T .00050| .0039 0039 +0018 {35,000 372,000 Bonel | -=-=v P 2
33 | -00493 £ .oc019 «00L9T .0022 {30,000 203,500 27.0 .y —
21 | -00583 & .00087 -0036 0056 .001.8 | 30,000 87,500 2.0 [ ee--- do=-==- 3.9
28 | .ook7t Tt .00091.| -00b9 .00h9 0022 | 40,000 L, 800 Bhh | eree- do=---- 3.9
31 | .00229 £ .00032| .00232 .0022 .0018 |40,000 2k, k00 Bonet Sapphire. | ©
32 | .00193 £ .oook | .001E5 .0018 .0017 {&8,000 £0,000 15.0 camendom-=== | 0
33 -o01ak t .00026| .00143 - 0014 <0017 {55,000 33,900 1.0 m——=dg==—-- 0
3k | .00162 & .00028| .00165 .0020 .002h {32,000 651,000 Honel =mmendo=nnn- 0
35 00166 * .00015| .00LE: 0009 .0020 | 30,000 618,100 5.0 -—---do----- ]
TS8-T Alcled [ T-36 | .coma1 * .oc0015| -o0120 L0015 .0011L |%0,000 216,500 Hone ! Steel needls | 0
0.040 in. 37 | -00105 % .00025| .00103 -0009 .0019 |35,000 365,000 Nonet eemm—dg-=—=- | 0
38 | .00RT T .000T5] .005L2 -0058 -00Ls (40,000 39,200 35.0 -=-=-dom==== | 3.9
39 0ok99 ¥ .00030| .00510 .0048 -0015 (35,000 90,200 §3.0 | en--- do----- | 3.9
2hs-T Alclad | 16-1 | .005T6% .00079| .00588 | = ---e-e- -0030%4| 40,000 36,600 5.4 rmemlg=———- 3.9
0.102 in. 2 | .00568 % .o0o00&2| .005Th - 0068 .00288| 30,000 290,800 19.0 ----do----- | 3.9
5 | .00559 £ .o006L | ~00569 0082 -003h3( 35,000 87,800 31.0 | e=--- do----- | 3.9
6 | .003TL ¥ .00071| .00%0OT -0035 . 00260| k0,000 18,500 .0 |ee--- do--w== | 2.0
8 | .00388% .o000Lk| .00k27 -0043 - 00266/ 35,000 120,900 25.2 BT — 2.0
9 00422 T .00071 | .00423 -00%L «00275| 30,000 251,900 2?,.]21 e rgem—n— 2.0
10 | .001%0 % .00045| .00147 -0008 -0025 |35,000 357,400 L. ==r~mdgme=-= | 0
1§ .o0r30 % .00051) .00126 -0012 02T 1ko,000 185,200 Foae™ em-m-dg=-=-- | O
1nid not fail through scratch.
* - [ - -

JVN
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TABLE 6.- STATIC-TENSION ULTIMATE IOADS FOR SINGLE-ROW

RIVETED TAP JOINTS OF VARTOUS SHEET MATERTAIS

1
Ei‘.ach specimen made of 0.040-in. sheet, 43 in. wide,

contalning eight rivets.
for further details.i]

(See fig. 24(a) and text

Loed to statlic fallure

(2)

Materlial Specimen
(1p) (1b/rivet)

245-T Alclad 12-10 4630 579
.20 4750 591

30 Lees 578

Lo YThs 593

50 4685 586

60 4600 575

bre12 b5g)

24S-T bare 124-9 4330 541
10 LoT5 b5°9

buop2 525

T58-T Alclad 13- 9 5100 637
10 bhaso b606

LoT5 &2

R303-T275 clad| 15- 9 LT75 597
10 4860 b607

Py818 602

R303-T275 bere | 15- 9 5080 635
10 bhaeo b602

4950 619
2A11 failures by rivet shear. “_NACA .~

b
Average.




TYTITTEITIMT
TATT It "f'.ﬁ STAEC TeNSTON ULTH-HE mnm FGR LTERNT T Taeer RIVETED IAD dUL“.L‘ﬁ

PREPARED AT DIFFERENT LABORATORIES USING VARIOUS DIMPLING TECHNIQUES

| ) ) 1
fPach specimen made of 0.040-in. sheet, 45 in. wide
containing eight AN42OAD rivets. (See fig. 2&(&).;]

(44

Loed to stat\zio fallure
(1)
Haterial Teat Dimpling Riveting
_ (1v) (1b/rivet)
248~ Alclad 12 Coz{:ventional tool (:soo text) | At B. M. I. 4672 584
dons at B, M. T. )
128 | coin dimpling tool At B. M. I. L68e 608
{done at North American)
37 | Conventionel tool (see text) | At Curtimss-Wright 4700 588
(done at Curtiss-Wright)
3k | Bpin dimpling tool At Glemn L. Martin 3770 iy al
{done at Glenn L. Martin)
158-T Alclad 13 | Conventionsl tool At B. M. I. 4975 622
{done at B. M. I.)
138 | Coin dimpling tool At B. M. T. 5307 663
\aom at North mencam
38 | Conventional tool At Curtiss-Wright 5335 667
(done at Curtiss-Wright)
"39 | Hot dimpling on &.-c. apot At Curtiss-Wright 5815 731
velder (Curtigs-Wright)
TATSS-T Alclad| 35 | Spin dimpling tool At Glenn I. Martin %070 509
(done at Glemn L. Martin)

*A11 static failures by rivet shear; gtatic-strength values are averages for two specimens of

each group- ‘::EE;;:FF

G8PT "ON NJI, VOVN
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TABLE 8.- STATIC-TENSION ULTIMATE LOADS FOR MULTI-ROW RIVETED
LAP JOINTS OF 2u45-T ALCLAD AND T75S-T ALCLAD

Load to atatic failure
Numbexr (a)
Meterial of Specimens
rows (1v) (1b/rivet)
24S-T Alclad 1 (b) Cy672 584
24S-T Alcled 2 31-5 8360
31-6 84li0
C8i00 525
24s-T Alclad 3 3e-1 6120
32-2 $080
¢9100 379
755-T Alelad 1 (v) 975 622
T5S-T Alclad 2 36-9 10,000
36-10 9,650
‘ ©9,925 620
®A11 failures were by rivet shear. '
bSee table 6.
CAverage.

TABLE 9.- COMPARISON OF FATIGUE STRENGTES OF LAP-JOINT
SPECIMENS WITH DIFFERENT NUMBERS OF ROWS OF RIVETS

Meximum s’(cr?ngth val;.tes
Test 1
Material Condition 65)) (1v/rivet)
: lrow | 2rows |3 rows |1l row | 2 rows | 3 rows
24s-T Alclad | Static 600 8400 9925 375 525 1k
In tension, R = 0.25 at:
10k cycles 3700 5900 6000 h&3 369 |- 250
102 cycles | 2000 3000 | 3300 | 250 188 138
106 cycles 930 1700 | 2050 | 10k 106
R = 0.40 at:
10% cycles | 4000 7000 | 7300 | 500 438 30k
107 cycles | 2500 3600 | %200 | 313 225 175
106 cycles | 1300 2000 | 2800 | 163 125 100
T58-T Alcled | Static . L9T5 9925 === 622 620 -—-
In tension, R = 0.40 at:
10% cycles | 4050 5000 | ---- | 506 313 -
102 cycles 1700 3000 ———- 213 188 -—-
106 cycles 900 1500 | ---- | 113 gk ——-

AThe fatigue-strength values were read from the curves shown In figs. 27, 28, 36, 37, and 38.
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TABLE 10.- STATIC STRENGTES OF RIVETED LAP JOINTS WITH
STIFFENERS AND COF RIVETED BUIT JOINTS

E:u Joints l% in. wide. BFach lap joint had one row and

each butt Joint_two rows of eight rivets spaced 1,/2 in.
betweon centeraﬂ

Load to static failure
Specimen type Specimen
(1b) (1b/rivet)

Simple lap jJoint (no (a) byg72 584

stiffener) .
Lep Joint with 3-in.

stiffenexr of 0.250-in. 18-1 Le2o

gage (fig. 39(e)) 18-2 4480

By550 568

Lap Joint with 3-in. 2h-G 4580

stiffener of 0.51-in. 2k-7 b501+0

gege {(fig. 39(a)) 14810 601
Butt Joint with single 19-1 4330 :

3-in. strap of 19-2 _b5280

0.250-1n. gege 4805 601

{r1g. 39(D))
Butt Joint with double 33-1%L TL00

3-in. strap of 33-12 7020

0.040-1n, _ b7060 758

(rig. 39(15) .
;See table 6. .mal :
Average.

TABLE 11.- SOMMARY OF FATIGUE STRENGTHS IN TENSION AT R = 0.0 OF VARIOUS TYPES OF JOINT
[a11 strengths tn 1b/linsar in. of joint]

”

Fatigue strengths in tension at R = 0.40
Type of Jjoint sﬁ:::;gh and at indicated ;yclea
10t 10° 10 107

Riveted lap joint; no stiffener; one row of 1040 80 555 289 24k
rlvets

Riveted lap Joint; no stiffener; two rows 1865 1560 800 hi3 ===
of rivets

Riveted lap Joint; no stiffener; three rows 2020 1620 935 533 ———-
of rivets . EEE S

Riveted lap Joint; heavy stiffener (3 in. long, 1010 m——— 8% 600 48
0.250 in. thick); ons row of rivets

Riveted butt Joint; single 0.250-in.-thick 1070 --—- 845 645 555
strap plate

Riveted butt Joint; two 0.00-1n.-thick strap 1570 ——— 1070 177 ——-
plates

Multi-erc-welded Joint (solution-heat- 2070 2060 1680 1220 1160
treated alfter welding

Unnotched sheet; no joint . 2710 ] 2580 2260 1400 12%0




NACA TN No.

1485 25

TABLE 12.- RESULTS FROM SHEET-EFFICIENCY TESTS

Ell values were read from smooth curves plotited
in figs. 2 and hs';']

Nominal
Tesat Strength strength of Reductionh
condition of sheet | iveted sheets | 1B strengt
(psi) (pei) (percent)
Static 68,000 52,500 21.6
Fatigue in tension at R = 0.k0 for:
10" cycles | ==e--- 52,000 ————
10° cycles 57,500 38,500 33.0
102 cycles 37,500 26,500 29.3
10' cycles 31,000 24,000 22.6
Fatigue in tension at R = 0.60 for:
lOR cycles | ==eee= ] eee=e- ———-
102 cycles 65,000 L 6,000 29.2
102 cycles 148,000 35,000 27.1
107 cycles 42,000 31,000 26.2
NG
TABLE 13.- STATIC STRENGTHS OF SHEET SPECIMENS AND OF
RIVETED JOINTS AT 70° AND 375° F
EEb.ch specimen tested at 375° F was held at this
temperature for 1 hr preceding the test]
Ultimate tensile strength at -
Meaterial Specimen type
70° F 375° F
245-T Alcled Unnotched sheet 69,350 psi 59,550 psi
Sheet with central drilled hole 861,833 pei | 257,900 pei
Lap Joint with one row of rivets LET2 1b 3910 1b
Butt Joint with two 0.040-in. TO60 1b 6740 1b
strap plates
T55-T Alcled Unnotched sheet 81,200 psi 59,350 psi
Sheet with central drilled hole 18,500 pst | 264,700 psi
Lep Joint with one row of rivets k975 1b 4300 1b
Lap joint with two rows of rivets 9925 1b T620 1b
NACA

&Net section.
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TABLE 1%.- RESULTS OF FATIGUE TESTS AT 37’50 F OF
SHEET SPECIMENS NOTCHED BY DRILLED HOLES
[é.ll tests in tension at R = 0.40; specimens of type shown
in fig. 1(b). Bach specimen held at 375° F for 1 hr
preceding test and then during test]
Cycles to failure at -
Maxi?J.m gtresa =
Material Specimen psi oF TV F
(1) B (2)
24S-T Alclad 30-9 40,000 40,700 | 50,000
30-3 40,000 5k,900
30-10 30,000 97,300 | 200,000
30-1 30,000 279,500
30-2 25,000 785,100 | 550,000
756-T Aleled k-3 40,000 30,500 | 50,000
h1-4 28,000 154,300 | 300,000
lstress in psl based on net section through hole. T\NW: :
2Values read from curves in figs. 10 and 12.
TABLE 15.- RESULTS OF FATIGUE TESTS AT 375° F OF
VARIOUS RIVETED JOIRTS IN Q.040-INCH
ALUMINUM-ALLOY SHEET
{A11 tests in tension at R = 0.40. Each specimen
held at 375° F for 1 hr preceding test and during
test. )
Mexcimum Cycles to failure at -
Material Type of Joint load o 70° F
(1v) 3BV F (1) !
24s-T Alclad Lep Joint with one row 2,700 33,800 65,000
rivets (fig. 2i(a)) »600 51,900 80,000
2,500 48,700 100,000
, 2,200 71,300 130,000
2,000 154,200 180,000
1,700 187,300 310,000
1,500 424,000 500, 000
1,200 >1,232,700 1,300,000
24s-T Alclad Butt Joint, two strap 5,400 27,000 28,000
rlates each 0.040 5,000 92,000 72,000
in. (f1g. 39(1)) 4,300 188,800 210,000
3,800 413,600 400,000
XATSS-T Alclad Lap joint, spin 2,400 16,300 25,000
dimpled (fig. 24(a)) 2,000 36,500 k5,000
1,700 64,100 120,000
T55-T Alclad Lap joint, coin 2,600 20,900 19,000
dimpled (fig. 24(a)) 1,600 116,000 200,000

lEvalusted fram curves in figs. 27, 35, and L.
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TABIE 16.- STATIC STRERGIH OF ALUMINUM-ALIOY SHEEY SPECIHENS

Condition snd extent of Iatizus loading Chemge
- wooxtred static | o ot
Mex. stress | Losd ratio, | Nmbar of | Estimsted nal pltimste
TPe of mpecimen (put) R | cyoles |lifetime properties
() (peroent) (ped) { percent)
()
2Lg-T Alnlad. mwmobahed 16,000 =0.30 9,118,000 10 66,000 -5
25,000 25 105055:700 30 ﬁ:mﬂ -6
53,5m 'm m,m h-O
»T00 -60 13, 602,000 300 6,000 -6
248-T Alolad, with hole 11, b0 17,874,800 {0} 60, 600 -2
24g-* bare, wnotched 48,000 25 13, 614,500 a) Th, 500 1
25,000 =50 24,976,600 c) T0,260 -5
35,000 02 9;@0’&0 0; 73,6&) 4]
,000 02 12,955,000 c) T2, 860 =1
75,000 50 15,556,200 ) 3,570 o
248-7 bare, with hole 20,000 25 9,181,500 ug 66,300 -2
33,000 .50 20, 47,100 o) 68,500 2
38,000 .60 11,296,500 o) 67,100 0
27,000 4o 20,962,300 a) 66,100 -2
T58-T Ala)ad, wmobched 70,000 - 10, ki1 ,200 o; £1,500 0
5000 30 20,339,000 c 81,500 D
60,.000 N jo) s s a) E,300 3
38,000 N 7] 12,767,800 a) 81,900 1
23,000 +ho 13,140,300 a) 8,100 0
248~F Aloled, with hole 17,000 .25 10,398,300 (o) 78,500 0
RI03~T2T5 clad, mwitohed 50,000 60 12,268,000 1 Th, 600 -1
25,000 ko 10,728,100 0 9,600 0
26,000 25 17,757,500 0 9,300 0
32,000 .50 ,861, % 5,300 o
R308-T2T5 ¢lad, with hole 32,000 .8 12,641,800 0 73,500 0
R303-T2T5 bere, wmotched 50,000 .bo 12,780,400 ] &, 600 0
60,000 .& 18,968,100 ] &,300 o
R303-T275 bers, with hole 29,000 -6 11,641,500 o 81,100 -2
°Posit1n valnea indioate tensiom} negative valuss, campression. ~—gRE
'ﬂﬂgﬂ‘-lﬂ values indicmate a dncrensu.m lmngt.n; poll‘l.'-l'l‘. vu.un, am apparcm: increase. S =

OLifetima so far beyond the renge of testing, it 1s Indefinite.

stlonable valne-
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28 NACA TN No. 1485
TABLE 17.- RESULTS OF FATIGUE-DAMAGE TESTS AT TWO
LOAD LEVELS
Loeding conditions Kumber of cycles | Lifetime, |Lifetime, l%‘;::lm
Specimen Max. load | Meen load run, N 100 n/N |4 failure
(psi) (pei) n (2) (percent) (percent)
2ks-T Alclad
sheet speci-
mens:
3-2 57,000 45,000 k0,000 280,000 14
61,000 k5,000 110,700 105,000 101 115
3-4 &,000 40,000 15,000 42,000 36
57,000 40,000 103,000 105,000 98 134
3-5 52,500 40,000 120,000 260,000 L6
57,000 40,000 90, 600 105,000 86 . 132
3-6 53,000 | 40,000 100,000 240,000 b2 '
62,000 40,000 34,300 42,000 8 12k
3=7 18, 600 40,000 1,705,500 1, 800,000 95
57,000 | 40,000 (27 |t 95
Simple riveted
lap Joints in
248-T Alclad: (1b) (1b)
12-49 2,760 975 3,000 9,000 33
1,840 975 72,900 85,000 86 119
12-51 2,760 9715 - 7,500 9,000 83
1,840 915 37,L00 85,000 Ly 127
12-53 1,840 975 Lk,000 85,000 o2
2,760 975 3,000 9,000 33 8
12-55 1,840 975 60,000 85,000 T
2,760 975 100 - 9,000 1 Tl
Simple riveted
lap Joints in
T55-T Alclad: (1p) (1)
13-48 2,985 1,055 1,320 6,500 20
1,990 1,055 17,000 33,000 52 2
13-49 1,990 1,055 14,400 33,000 b3
2,965 1,055 1,100 6,500 17 50
13-50 1,990 1,055 18,300 33,000 56
. 2,98 1,055 1,050 6,500 16 72

;'See figs. 49, 51, end 52 for constant-meen-loed curves for determination of . N.
Failed while loading.
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TABLE 18.- DAMAGE TO SINGLE-ROW FLUSH-RIVETED LAP JOINTS
' OF 24S-T ALCLAD BY FATIGUE AT VARIOUS LOAD LEVELIS

[A11 tests run at & constent meen load of 975 1b,
21.2 percent of the static ultimate.]

Maximum load Endursnce
- Number of |lifetime
Specimen | (33) | (percent cycles | (percent) Result
ultimate) (=)
12-46 | 2,700 58.8 19 <0.1 No failure;
2,400 52.0 192 1 static test
2,080 45.2 1,920 6 showed no loss
1,770 38.4 19,200 28 in static strength
1,450 | 31.8 207,500 52
1,130 | 24.6 1,670,000 | . 8
88
12-45 (c) (c) (c) (c) End rivet
bgg cracked
12-57 (e) (c) (c) (c) No failure; no
bgg decresse in
static strength
12-61 2,700 58.8 23 < 0.1 Rivets cracked;
2,400 52.0 230 1 static strength
2,080 45.2 2,300 7 lowered sbout
1,770 38.4 23,000 26 8 percent
1,450 | 31.5 249,000 &
1,130 | 24.6 2,00L ;000 10
106
12-69 1,130 24.6 3,340,000 16 Failed in fatigue
1,450 31.5 374,500 B 92 ° on second run
~108
12-65 |2,700 | 58.8 29 | <0.1 | Failed in fatigue
2,400 52.0 288 2 on last run
2,080 45.2 2,880 9
1,770 | 38.k 28,800 32
1,45 | 31.5 311,300 78
1,130 | 24.6 2,505,000 13
D13k
12-68 {2,700 58.8 38 <0.1 |Failed in fatigue
2,400 52.0 384 2 on laest run
2,080 45.2 3,840 12
1,770 38.4 38,400 i3
1,450 31.5 415,000 1ok
bia

_:Sreo fig. 51 for constant-meen-load base curve.

otal.
®seme comditions as for 12-46, but loads run in reverse order.



TABLE 19.- DAMAGE TO TWO-ROW FLUSH-RIVETED LAP JOINTS
OF 24S-T ALCIAD BY FATIGUE AT VARIOUS LOAD LEVELS

EA.U. tests run At a constant mean lcad of 1840 1b,
/21.2 percent of the static ultimated

TABLE 20.- DAMAGR TO RIVETED IAP JOINTS OF T5S-T ALCIAD
BY FATIGUE AT VARIOUS LOAD LEVELS

l:_l\.u tests run at constant mean load of 1,055 1b,
2.2 percent of static ultimate,]

Meximm Jload Bndurance Maximm loead Endurance
Fumber of | lifetdms Fumber of | lifetime
Bpecimen Speciman Result
(percent oycles {percent) (percent; gycles {percent)
(1) | ltimte) (2) W) | i etumte) (2)
31-26 E,loﬁ 52-8 lleg < 213; 13-35 2,920 | 56.8 6 < 0.1 | Did not fail;
3:9.5-‘;3 25:2 1,059 € 2,587 52.0 62 1 not yot tested
3,333 | 38 18,500 2k.7 2o | 6o | 2 stettoslly
2,734 | 315 143,800 b‘g-O 1,57 | 31.5 67,000 67
1222 | 246 ; 5
30 [ ) | (o) (o) ks
13-37 () (c) () (o) Did not fail
bgz 17’92 no decrsage .‘l’.n
new | @ | (@ (a) (@) static sbrongth
) . 12 24 2 n% 58.8 12 < 0.2 T 4. B
| | e o 2%3’5 ée.o 124 1 o 1ast ran
3127 | 2,134 | 3L5 199,800 66.6 fjgm 3315 é’ﬁ 3;{
3,333 | 38k 6,000 5 50 1,57 | 315 19,200 | . 79
(] . 118
31-28 | 2,734 | 3L 199,800 66.6 13-43 | 1,222 | 2h6 1;080,000 1 Cracked, through
3,333 38-2 6,500 2'6 1:567 31.5 ’13h:ooo 134 rivets om sscand
by Low | 38 m,m 31 rm; 314 not
2 .2 1 eparate; 1
:gg:aﬂg. 53 for comstent-mean-load base curve. 2‘,’587 52% ,121|. <I :trengz’lg::e;
CSams conditlons es far 31-26. Results: At last 2,920 | 38 2 bmﬁ'2 35 povosnt
load (2734 1b) ran 146,600 oycles or 49.0 percent

of endurence lifetime.
conditions ag for 31-26. Result:
Joad (2734 1b) ran 210,000 cycles or 70.0 percent

- Ry T I 27 - DI
Ol SOOUTEGCS LiIoTls.

At lest

- ﬁ.tcg,f

b

88ee flg. 52 for constent-mean-load base ourve.

Drpetal

Cgams as for 13-35, but loads rwn in reverse order.
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Figure 1.- Sheet specimens used in fatigue tests.
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Figure 2.- Direct-stressfatiguestremgﬂlofomo-inchm-TAlcladsheet Test section
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MAXIMUM STRESS, P8I

GYCLES TO FAILURE

Figure 3.~ Direct-stress fatigue strength of 0.040-inch 245~T bare sheet. Test section
1.0'inch wide. Specimens cut in the direction of rolling. (R = min. load/max. load.

Pogitive values indicate tensjon; negative values, compression.}
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Figure 4.~ Direct-stress fatigue strength of 0.040~inch 758=T Alelad sheet. Test secton
1.0 inch wide. Specimens cut in the direction of rolling. (R = min. load/max. load,
Positive values indicate tension; negative values, compression.)
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Figure 5.- Direct-stress fatigue strength of 0.040-inch R303~T 275 clad sheet. Test
section 1.0 inch wide, Specimens cut in the direction of rolling. (R = min. load/max,
load. Positive values indicate tension.)
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Figure 8.- Direct-stress fatigue strength of 0.040-inch R 303-T 275 bare sheet. Test
section 1.0 inch wide. Specimens cut in the direction of rolling. (R = min. load/max.
load. Positlve values indicate tension.)
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Figure 7.- Direct-stress fatigue strength of 0,040-inch 243-T Alclad shest, Test section
1.0 inchrwide. Specimens cut transverse to direction of rolling. (R = min, load/max,
load, Positive values indicate tension.)
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Figure 8.~ Direct-stress fatigue strength of 0.040-inch 7558-T Alclad sheet. Test section
1.0 inch wide. Specimens cut transverse to rolling. (R = min. load/mex. load.
Positive values Indicate tension.)
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Figure 9.- Direct-stress fatigue strength of 0,040-inch R 303~T 275 clad sheet. Test
section 1.0 inch wide. Specimens cut transverse to direction of rolling. (R = min, load/

raax. load,

Positive values indicate tension.)
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Figure 10.- Direct-stress fatigue strength of 0.040-inch 245-T Alclad sheet. Test section
1.5 inches wide with 0.3'75~inch-diameter hole. Specimen cut in the direction of rolling.

(R = min. load/max, Joad., Positive values indicate tension; negaiive values, compression.)
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irect-stress fatigne strength of 0.040-~inch 243-T bare sheet. Test section

ure
1.6 inches wide with 0.37b-inch-diameter hole. Specimens cut in the direction of
min, load/max, load. Positive values indicate tension.)
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Figure 12.- Direct-stress fatigue strength of 0.040~Inch 763-T Alclad sheet, Test section
1.5 finches wide with 0.3'/0-inch-diameter hole. Specimens cut in the direction of
rolling. (R = min, load/max. load. Positive values indicate tension; negative values,

compression.)
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Figure 13.- Direct-siress fatigue strength of 0,040-inch R303-T275 clad sheet. 'Test section
1 5 inches wide with 0.375-inch~diametar hole, Specimens cut in the direcHon of rolling.

NN TR P N S PR | JUERNY Sy, ¥ R TP NP

(R = min, load/max, load. Positive values indicate tension.)
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Figure 14.- Direct-siress fatigue strength of 0,040-inch R303-T270 bare sheet. Test section
1.5 inches wide with 0.375-inch-diameter hole. Specimens cut in the direction of rolling.
(R = min. lead/mex. load. Positive valnes indicate tension.)
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Figure 15.- Typical microsections of scratches in 0.040-inch 245-T
Alclad sheet. (Magnification, 250X.)
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Figure 16.- Effect of scratches of various depths
on the fatigue strength of 0.040-inch-thick
245-T Alclad sheet and 758-T Alclad sheet.
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Figure 17.- Effect of scratches of various depths

on the fatigue strength of 0.102-inch-thick
24S-T Alclad sheet.
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Figure 19.- Stress-coat pattern in a lap joint with a single row of rivets,
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Figure 20.- Stress-coat pattern in a riveted butt joint.
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(b) Flush side.

(2) Head side.

Figure 21.- Stress-coat pattern in a sheet-efficiency specimen.
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() Around drilled holes.

(b) Around drilled and dimpled holes.

(c)

Figure 22.- Stress-coat patterns on single sheets.

Around rivet heads.
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Figure 23.- Specimen used for sheet-efficiency tests. (Sheets, 0.040-in,

24S-T Alclad. Rivets, AN 426 AD4-5, spaced %m. apart in test

section.)
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Figure 24.- Riveted lap-joint fatigue test specimens. (Length between
grips about 12 in.) .
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(c) 755-T Alclad.

Figure 25.- Cross sections through rivets in 24S-T sheet (bare and
Alclad) and 758-T Alclad sheet.
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() R303-T275 bare.

(b) R303-T275 clad.

Figure 26.- Cross sections through rivets in R303-T275 sheet (bare
and clad).
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Figure 27.- Direct'-stress fatigue strength of riveted lap joints of 0.040-Inch 245-T Alclad sheet with
a single row of eight rivets, (R = min, load/max. load, Positive values indicate tension; negative
values, compression. )
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Figure 28,~ Direct-stress fatigue strength of riveted lap joints of 0.040-inch 765-T Alclad sheet
with a single row of eight rivets. (R = min, load/max. load. Positive values irdicate tension;
negative values, compression. )

g8%T 'ON NI VOVN




=
5
3000 287 STATIC ULTIMMTE >
£
4000
U<
pd
\\ =
3000 0\ —x oy &
\ \ cn
3 \0*\ N \
2000 S >,
Z 1500 ‘;\ x N, .
e NN\Q S
= Re=025—> \ .
2 N\ \ \n R* 0.60
\\\!
1000 ”&{ <R+ 040
800 N,
\n- 025 <A
800

o3 10* 103 108 107
CYGLES TO FAILURE.

Figure 29.- Direct-stress fatigue strength of riveted lap joints of 0.040-inch R303-T275 clad
sheet with a single row of eight rivets, (R = min. load/max, load. Positive values indicate
tension; negative values, compression,)
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Figure 30.- Comparison of fatignue strengths of simple riveted lap joints of 0,040 -inch sheets of
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various alloys with a single row of eight rivetc, (R = min, load/max, load = 0.40, in tension.)
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NACA TN No. 1485

(b) Fatigue failure by propagation of crack through
sheet materials.

Figure 31.- Typical fajlures.
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NACA TN No, 1485 N 71

(a) Rivet from joint made by coin dimpling.
(Loaded at 125 1b/rivet; lifetime,
2,397,000 cycles)

(b) Rivet from joint made with conventional
dimpling. (Loaded at 150 1b/rivet;
lifetime, 570,000 cycles.)

(c) Rivet from joint made by spin dimpling.
(Loaded at 337 1b/rivet; lifetime,
43,000 cycles,)

Figure 32.- Cross sections through rivets in 243-T
Alclad sheet. Specimens failed in fatigue tests
in tensionat R = 0.40 and are representative
both of rivets and of fatigue fajlures.
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NACA TN No. 1485 73

(a) Rivet from joint made by coin dimpling.
(Loaded at 150 lb/rivet; lifetime,
2,579,300 cycles)

(b) Rivet from joint.made with conventional
dimpling. . (Loaded at 125 1b/rivet;
lifetime, 2,245,800 cycles)

Figure 33.- Cross sections through rivets in 755-T
Alclad sheet. Specimens failed in fatigue tests
in tension at R = 0.40, and are representative
both of rivets and of fatigue failures.






NACA TN No. 1485

(c) Rivet from joint made by hot dimpling.
(Loaded at 212 1b/rivet; lifetime,
69,500 cycles)

(d) Rivet from joint made by spin dimpling,
(Loaded at 137 1b/rivet; lifetime,
1,818,300 cycles)

Figure 33.- Concluded.
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Figure 35.- Results of direct-stress fatjgue tests for several sets of single-row flush-riveted
lap joints of 76S-T Alclad sheets, (R = min. load/max. load = 0.40, in tension.)
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82 NACA TN No. 1485
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Figure 39.- Schematic diagrams of riveted specimens. (Dimensions in in.)
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Figure 41,- Direct-stress fatigue test results for riveted butt joints of 0.040-inch 24S-T
Alclad with various stiffeners. (R = min, load/ma¥. load = 0.40, in tension.}
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Figure 42,- Multi-arc-welded joint and fatigue test specimen.
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Figure 43.- Direct-stress fatigue test results for rulti-arc-welded specimens of 0.040-inch
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NACA TN No. 1485 87

(a) Stress-relieved but not solution-heat-treated after welding. Maximum
load, 28,000 psi; R = 0.40, in tension; cycles to failure, 480,200.

(b) Stress-relieved and solution-heat-treated after welding. Maximum load,
40,000 psi; R = 0.40, in tension; cycles to failure, 126,900.

Figure 44.- Cross sections of multi-arc-welded specimens after failure by
fatigue. (Each specimen failed in heat-affected region adjacent to weld.)
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Figure 45.- Direct-stress fatigue test results for sheet efficiency of riveted 0.040-inch sheets
of Alclad 248-T, See figure 23 for details of specimen. (R = min. load/max, load, Positive
values indicate tension.)
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Figure 48.- Results of fatigue tests at 375° F for single-row riveted lap joints of 24S-T
Alclad sheet. (R = min. load/max. load = 0.40, in tension.)

Gg¥1 "ON NI VOVN




PSI

MAXIMUM STRESS,

70:000 75500 STATK ULTMATE
66,000
o
62,000 o
N >
60,000 > N
_~—CURVE SHOWS AVERAGE VALUES USED IN

58,000 CALCULATIONS OF PERCENT DAMAGE  ———
ea nenl X EXPERIMENTAL VALUES H N
2D, LA . %
54000 -—— O VS PN o &’*a

VU 1A " VIMYLS VT Fiv. & ‘\.:X >

» /\;.%

50,000 2
48,000
44,000 AT ——{ o
‘ 10 04 10° 108

~wrn e TA
ViIivLEg 1V

Aty

TA

-2
vno

|O7

Figure 49.~ Scatter band of fatigue strengths of unnotched sheet specimens of 245-T Aleclad
tested at a constant mean of 40,000 psi.,

G8%T "ON NI VOVN

g8




68,000

66,000

64,000

62,000  SPECMEN3=4

SCATTER LIMITS FOR S-N CURVE (SEE FIG. 50)

60,000

58,000

56,000

54000

[— T SPECIMEN 3-5<~ —(— —

Y
Y VAN
~

52,000 fF—

FAILED WHILE

" RAISING LOAD

MAXIMUM STRESS, PSI

50,00+
SPEGIMEN 3-7

48,000}
46,00

44,000

42,000

40,00

T ——

03

104

0%
CYGLES TO FAILURE

10

Figure 50.~ S-N curves showing results of simple damage tests for specimens of 0,040~inch

245-T Alclad., All tests at constant mean of 40,000 psi.
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Figure 52.- Constant-mean-load fatigue curve for lap joinis of 768-T Alclad with a single
row of flush rivets. Mean load, 1055 pounds. Points taken from constant R curves

of figure 28.
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